ESTRO 35 2016 S215 ______________________________________________________________________________________________________ technology. Imaging using MRI shows advantages compared to CT or CBCT offering superior soft tissue contrast without additional dose. Also in particle beam therapy integrated MR guided treatment units have great potential. A complete understanding of the particle beam characteristics in the presence of magnetic fields is required. So far, studies in this area are limited.
Material and Methods:
Protons (60-250MeV) and carbon ions (120-400MeV/u) in the clinically required energy range impinging on a phantom of 35x35x50cm³ size were simulated using the MC framework GATE 7. Homogeneous magnetic fields of 0.35T, 1T and 3T perpendicular to the initial beam axis were applied. The beam deflection, shape, and the energy spectrum at the Bragg peak area was analyzed. A numerical algorithm was developed for deflection curve generation solving the relativistic equations of motion taking into account the Lorentz force and particle energy loss. Additionally, dose variations on material boundaries induced by magnetic fields were investigated for 250MeV protons.
Results: Transverse deflections up to 99mm were observed for 250MeV protons at 3T. Deflections for lower field strengths (e.g. future hybrid open-MRI proton delivery systems) yielded 12mm for 0.35T and 34mm for 1T. A change in the dose distribution at the Bragg-peak region was observed for protons. Energy spectrum analysis showed an asymmetric lateral energy distribution. The different particle ranges resulted in a tilted dose distribution, see Fig.1 .The numerical algorithm successfully modeled the deflection curve, with a maximum deviation of 1.8% and calculation times of less than 5ms. For a 250MeV proton beam passing in a 3T field through multiple slabs (water-air-water), only a 4% local dose increase at the first boundary was observed in single voxels due to the electron return effect.
Fig1
: Deformed 2D dose distribution at the Bragg peak area for a 250MeV proton beam in a 3T field Conclusion: Beam deflections in magnetic fields could be described by a numerical algorithm. The observed change in dose distribution in the Bragg-peak region has to be taken into account in future dose calculations. However, local dose changes due to boundary effects seem to be negligible for clinical applications. Current work in progress deals with the inclusion of magnetic field effects in a dose calculation algorithm for particles.
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Delivery errors detectability with IQM, a system for realtime monitoring of radiotherapy treatments L. Marrazzo 1 Azienda Ospedaliera Universitaria Careggi, Medical Physics Unit, Firenze, Italy 1 , C. Arilli 1 , M. Casati 1 , S. Calusi 2 , C. Talamonti 1,2 , L. Fedeli 2 , G. Simontacchi 3 , L. Livi 2,3 , S. Pallotta 1,2 2 University of Florence, Department of Florence, Italy 3 Azienda Ospedaliera Universitaria Careggi, Radiation Therapy Unit, Firenze, Italy Purpose or Objective: To test the ability of detecting small delivery errors of the Integral Quality Monitoring (IQM) device (iRT Systems GmbH, Koblenz, Germany), a system for online monitoring of Intensity Modulated Radiation Therapy (IMRT) treatments. To evaluate the correlation between the changes in the detector output signal induced by small delivery errors with other metrics, such as the γ passing rate and the DVH variations, which are commonly employed to quantify the deviations between calculated and actually delivered dose distributions.
Material and Methods: IQM consists of a large area ionization chamber, with a gradient in the electrode plate separation, to be mounted on the treatment head, and a calculation algorithm to predict the signal based on the data received from the treatment planning system. The output of the ionization chamber provides a spatially dependent signal for each beam segment. 5 types of errors were induced in clinical IMRT step and shoot plans for head and neck (H&N), prostate and index quadrant planned with Pinnacle (Philips) with an Elekta Precise linac (6 MV), by modifying the number of delivered MUs and by introducing small deviations in leaf positions. The obtained dose distributions, both 'error free' (EF) and 'error induced' (EI) were delivered with the IQM system and the signal variations were recorded. EF and EI dose distributions were also compared in terms of: 1) 3D γ passing rate calculated on the entire dose volume; 2) 2D γ passing rate calculated on planar beam-by-beam dose distributions; 3) DVH metric, by calculating the differences for several significant DVH parameters. The correlation between IQM signal variations and 3D γ, 2D γ and DVH parameters was investigated. Results: IQM system resulted to be extremely sensitive in detecting small delivery errors. Variations in beam MU down to 1 are detected by the system as well as changes in field size and positions down to 1 mm. In Table 1 the variations in the IQM signal are reported as an example for an H&N plan.
In Figure 1 the 2D γ per beam (1%/1mm, th10, local approach) and the PTV D95% and V95% are plotted vs the IQM signal variation for the same H&N example. A good correlation is observed thus suggesting that the IQM signal could be effectively used for quantifying delivery errors.
Conclusion: IQM is capable of detecting small delivery errors in MU and leaves position and it shows a sufficient sensitivity for clinical practice. It also exhibits a good correlation with other metrics used to quantify the deviations between calculated and actually delivered dose distributions. Such S216 ESTRO 35 2016 _____________________________________________________________________________________________________ correlations are useful in order to identify the alert threshold associated with this kind of monitoring systems. Purpose or Objective: The use of small fields is a wellestablished practice in stereotactic radiosurgery, although it is hard to measure with accuracy the parameters for machine commissioning. This is related to the peculiarities of highly collimated beams, such as high dose gradient, source occlusion and lack of lateral electronic equilibrium, and to the features of the detector, like dimension of the active volume and components with high-Z materials. The first goal of this work was to determine small fields output factors (OF) with several active detectors and one passive detector (Gafchromic EBT3 films) for an Elekta Axesse medical linear accelerator equipped with circular cones. The second one was to determine the correction factors for different active detectors for comparison with passive detector, as suggested in a proposed small field dosimetry formalism. Radiochromic films do not require correction factors and can be then used as reference dosimeter, as demonstrated by Bassinet et al. (C. Bassinet et al., Med. Phys. 2013, 40 (7): 071725).
OC-0459 Small fields output factors and correction factors determination for a linac with circular cones

Material and Methods:
Small fields beams, ranging from 5 mm to 30 mm in diameter, were defined using circular cones. OF measurements were performed with six active detectors (ionizing microchambers air-filled: Exradin A26, Exradin A16; ionizing microchamber isooctane-filled: PTW microLion; synthetic diamond: PTW microDiamond; plastic scintillator: Exradin W1; diode: Razor IBA) and one passive detector (Gafchromic EBT3 films).
Results:
OFs measured with Exradin W1 scintillator were in excellent agreement with EBT3 films (better than 2%) . A significant underestimation between the results obtained by radiochromic films and air-filled microchamber was observed, particularly for the smallest field, up to 12% for Exradin A16. The results obtained with the PTW microLion and the PTW microDiamond indicate instead an opposite behavior: a dose overestimation for the smaller radiation fields, up to 5% and 8% for the 5 mm-diameter field for microLion and microDiamond respectively was noted. The effect decreases with field size. Razor diode was in good accordance with Gafchromic films for very small fields (diameter ≤ 10 mm), while a underestimation for larger fields has been observed. The results are shown in the following figures.
Conclusion:
The present study points out that it is crucial to apply the appropriate correction factors in order to provide accurate measurements in small beam geometry. The results show that the Exradin W1 scintillator can be used for small fields dosimetry without correction factors. The correction factors should be employed for the other detectors, in particular for field diameter smaller than 10 mm. The results furthermore demonstrate that effects such as volume averaging, perturbation and differences in material properties of the detectors should be to taken into account in order to avoid large errors in the dose determination process.
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